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Plant communities of the coastal lowlands of Tweed Shire, on the far north coast of
New South Wales, are described. The communities are grouped into three broad
categories: floodplain wetlands which are not further subdivided; estuarine wetlands in
four communities; and floodplain forest and the vegetation of dunal areas with 16
sampled communities and brief descriptions of alluvial forest, foredune formations and
additional emergent wetland communities. The occurrences of 505 plant taxa in
relation to the sampled communities are listed.

Natural vegetation in the study area occupied about 3,300 ha at the time of
mapping in 1985. This represents a decline of over 87% from its original extent. The
formal reserves in the study area fail to represent much of its natural diversity. The
coverage and level of protection provided by less secure conservation measures should
be extended.

Increased efforts at conservation planning are needed, particularly because of the
biogeographic significance of the area, the significance of some habitats for the mobile
fauna of a region much larger than the Shire, the many rare, threatened or otherwise
significant species, and the inevitable limitations of available data as a basis for
ensuring the adequate protection of the area’s species.
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INTRODUCTION

The coastal wetlands and associated vegetation types of Tweed Shire were surveyed
in 1985 as part of a series of consultancy studies funded by the National Parks and
Wildlife Service. The studies were intended to provide information on the wetlands of
areas which were not well known and were under pressure from development. The
survey of coastal Tweed Shire was preceded by surveys of the Hunter, Clarence and
Macleay floodplains (Pressey, 1981a, 1989a,b).

Information from the surveys was intended to be used in determining conservation
priorities and for responding to proposals for developments which could adversely affect
wetlands. In the case of the Tweed survey, attention was not restricted to the wetlands of
the floodplain, which is very limited in extent compared to those of the other rivers
included in the series, but directed also to estuarine and dunal wetlands. These other
wetland types were poorly known and under significant threat from agricultural
expansion and clearing for housing and tourist developments. Because the dunal
wetlands occur in a matrix of heathland and forest, the Tweed survey was further
extended to the remaining naturally vegetated areas of the dunal formations.

Several studies of wetlands and other coastal vegetation types in Tweed Shire
preceded the survey reported here but these were either limited in geographical scope or
lacked the detail required for decisions on the conservation priorities of particular areas.
Hannah (1968) mapped and provided general descriptions of landforms, vegetation,
land systems and land use of the coastal strip. Goodrick (1970) mapped and broadly
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classified the major wetlands of the Tweed region along with those of the remainder of
the state’s coast. Some of the Tweed wetlands were covered generally by Bell and
Edwards (1980) in their inventory of the state’s coastal lagoons and their catchments.

The Planning and Environment Commission (1978) undertook a broad-scale study
of the Shire’s coastal plant communities. The draft plan of management for Stotts Island
Nature Reserve (National Parks and Wildlife Service, 1979), a remnant of the original
floodplain forest, contains a compilation of information on flora and discussed manage-
ment issues. Investigation reports by the National Parks and Wildlife Service (Mechan,
1981; Hunter, 1982) provided detailed information on parts of the coastal lowlands
and Gilmore (1983) compiled information on significant vegetation in the area in a
submission to the Tweed Shire Local Environmental Study.

More recently, West e al. (1985) mapped and classified the estuarine wetlands of the
state and listed species of mangroves and seagrass for each estuary. In the same year, the
Coastal Council of New South Wales (1985) delineated wetlands, without descriptions,
for the/purposes of development controls under State Environmental Planning Policy
No. 14. The other biophysical literature on the coastal parts of Tweed Shire listed by
Pressey (1981b) deals with the geomorphology, soils and avifauna of limited areas.

Several detailed surveys of the vegetation of parts of coastal Tweed Shire followed or
were concurrent with the study reported here and make a significant contribution to the
knowledge of the plant communities and floristics of the region. Gilmore et al. (1985)
produced a comprehensive report on the hydrology, vegetation, fauna and conservation
needs of wetland and associated habitats in the Pottsville area. Detailed surveys of
vegetation and vertebrate fauna have also been completed by Murray (1987a) for a small
wetland on the Fingal Peninsula, near Tweed Heads, Murray (1987b) for an area
adjoining the Cobaki Broadwater and Murray (1989) for land north of Cudgen Lake.

This paper summarizes the inventory and description sections of the 1985 survey of
coastal Tweed Shire which was designed to be both comprehensive and detailed in its
coverage of wetlands and associated dunal environments, to provide new information on
floristics and vegetation formations and to compile information already gathered. Infor-
mation on sampling sites, detailed maps and the results of conservation evaluation are
given in the original survey report (Pressey and Griffith, 1987). Some of the information
from the four concurrent or later studies mentioned above has also been summarized in
this paper.

STUDY AREA

The study area includes the northernmost part of the New South Wales coastline,
about 650 km north of Sydney (Fig. 1). Tweed Shire has the Queensland border to the
north and Byron Shire to the south. The areas surveyed and described all lie below the
10 m contour and are mainly on the dunal formations of the immediate coastal strip,
although they also include the floodplains and estuaries of the Tweed River and minor
streams. '

Agricultural and urban development of the Tweed Valley began in about 1865 with
the settlement of the first farms, although cedar-getting preceded farming by about 20
years (Soros-Longworth and McKenzie Pty. Ltd., 1981). The Tweed floodplain has been
almost entirely cleared for sugar cane cultivation and pastoral use, as have the minor’
floodplains of the Cobaki and Terranora Broadwaters and those of the small coastal
streams such as Cudgen and Cudgera Creeks. More recently, urban expansion has been
significant and rapid (Soros-Longworth and McKenzie Pty. Ltd., 1981) due to the
tourist potential of the region and annual population increases of 4-5% in the period
1976-1986 ('Tweed Shire Council, 1987).

This rapid growth has been sustained. In June 1990, Tweed Shire had the highest
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estimated population and the highest population growth rate for the previous five years
(4.3%) of any local government area on the north coast (Department of Planning, 1990).
The estimated 1991 population in the northern coastal strip of Twweed Shire was about
33,500, some 58% of the Shire’s total, and the increase in population in this area from
1986 to 1991 was 40% (Tweed Shire Council, 1991). Population increase and associated
developments therefore represent a serious threat to the remaining natural habitats on
the Tweed coastal lowlands. Planning for population growth in the region to minimize
or avoid further impacts on the coastal habitats is a major challenge for the State
Government and Tweed Shire Council.

METHODS

The floodplain wetlands of the study area were treated as a flortstic complex, but
the vegetation of the estuarine and dunal areas was subdivided into communites.
Assuniing one ‘does not insist upon quantitative uniformity of the dominants, which
rarely occurs’ (Beadle and Costin, 1952), then most of the communities recognized in
the present study could be considered associations after Beadle (1981): ‘the association is
defined as a community in which the dominant stratum exhibits uniform floristic
composition, the community exhibiting uniform structure’.

Wetlands and other communities were initially mapped on aerial photographs
from two series: Murwillumbah 1:41,000 black and white (March 1979) and NSW
Coastal Wetlands 1:25,000 colour (July 1981). Floodplain wetlands were simply
delineated without any attempt at classification. Estuarine wetlands were mapped as
either mangrove or saltmarsh. Although distinct plant communities were identified in
saltmarsh areas during field work, these could not be reliably distinguished on aerial
photographs because of lack of photo signature and small, irregular size. Remnant
patches of floodplain forest and most of the plant communities identified in the dunal
areas were mapped together as either a forest complex or an emergent wetland complex.
Detailed photo-interpretation would have allowed mapping of separate communities
in these areas but constraints on the time for the study did not allow the field work
necessary to accurately locate boundaries.

Most of the field work for the estuarine and dunal areas was completed during May
1985 when 55 sites were systematically sampled and described. Sampling sites were
generally 400 sq. m, although 100 sq. m quadrats were used for floristically simple
communities such as sedgeland. The information collected for each site included a list of
species observed, an assessment of species abundance, structural information (after
Walker and Hopkins, 1984), physiographic details, inferred relationships to other
communities, and notes on any forms of disturbance. The precise locations of these
sampling sites and another 84 descriptive sites were recorded to assist mapping for this
and subsequent studies. Additional sampling of plants and truthing of aerial photo-
graph interpretation in the estuarine and dunal areas was carried out in October 1985.

Floodplain wetlands were each visited once in October 1985 and plant species and
other information recorded after the procedure outlined by Pressey (1989a). Altered
boundaries of wetlands and other communities due to clearing since the dates of aerial
photographs were noted during field work and the preliminary mapping of estuarine
wetlands was checked against that of West e al. (1985). Mapping information was
transferred from aerial photographs to 1:25,000 topo-cadastral maps using a zoom
transfer scope and then copied onto transparent overlays of the base maps.

RESUITS AND DETAILED DISCUSSION

Plant Community Definitions in Relation to Other Studies
The classification of vegetation into the communities listed is based on the previous
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experience of one of the authors (SJG). It is intuitively derived and based on dominants,
but has been consistently used over much of the north coast of New South Wales for
mapping at 1:12,500 and 1:25,000 (Griffith, 1991).

Most of the communities identified in this study have also been recognized by
others in south-eastern Queensland. Other intensive studies of small parts of Tweed
Shire have produced similar but finer-scale classifications. The intensive survey of low-
lying coastal vegetation near Pottsville by Gilmore et al. (1985) covered an area of about
370 ha and recognized 22 associations and other units at 1:4000, some of which were
confined to bedrock with others ecotonal or resulting from disturbance. Similarly,
Murray (1987a) has produced a very detailed vegetation map of a small wetland and its
surrounds near Fingal Head, identifying 11 vegetation types over an area of about 20 ha,
five of which are estuarine wetland associations. Murray (1987b) identified ten non-
estuarine units near the Cobaki Broadwater, three of which were on bedrock, and
Murray (1989) mapped 12 units over about 700 ha to the north of Cudgen Lake. Despite
the more detailed subdivisions of the vegetation in these studies and the recognition of
units not covered by sampled sites for the present study, these other classifications are
generally comparable to the one used here.

Floodplain Wetlands

The coastal floodplain wetlands of Tweed Shire were defined as those on alluvium
below the 10 m contour and not associated with dune formations or significantly
influenced by tidal action. They are basins which occasionally or regularly hold water
and which occur on the lower floodplain of the Tweed River upstream of Stotts Island
and along the tributaries of the Cobaki and Terranora Broadwaters. Stands of trees in
these areas without wetland plants in the understorey were included in a separate
category of vegetation (floodplain forest and vegetation of dunal areas, see below) as
were forested areas with or without wetland plants in the understorey in areas fringing
the estuaries and on the minor alluvial flats of the coastal strip.

The survey covered 48 floodplain wetlands with a total area of 144 ha (Table 1), a
much smaller number and area than on any of the large floodplains of the Hunter,
Clarence or Macleay. Most of the wetlands are smaller than 5 ha and the largest is only
about 19 ha. Two of the wetlands with a combined area of 7 ha were identified on Stotts
Island from aerial photographs but not visited on the ground.

Eighty-five plant taxa were recorded during the survey (Appendix 1) to which a
herbarium record was added of Eleocharis dulcis, collected from a drainage channel near
Murwillumbah. Of the total of 86 taxa, one is a liverwort, five are ferns, 61 are monocots
and 29 are dicots. Families with the most taxa were Cyperaceae (29 taxa), Poaceae (8)
and Polygonaceae (8). The most extensive taxa were Cyperus lucidus (17.7% of total area),
Persicaria hydropiper (15.9% ) and Melaleuca quinquenervia (10.1%). Cyperus lucidus, extensive
stands of which were characteristic of the Tweed floodplain wetlands, was not recorded
at all during surveys of the Hunter, Macleay and Clarence floodplains, even though it
occurs in most of the botanical regions in New South Wales (Jacobs and Pickard,
1981). Other species found in the Tweed floodplain wetlands but not in surveys of other
floodplains to the south were Acacia maidenii, Gahnia clarkei, Lophostemon suaveolens,
Ludwigia octovalvis, Persicaria dichotoma and Rhynchospora corymbosa.

Apart from occasional floodwaters from the river, eleven of the wetlands receive
only local runoff from the surrounding alluvial flats. Of the other 35 which have
catchments on nearby land above the 10 m contour, only five are fed by catchments
larger than 100 ha.

Forty-two wetlands are grazed and 20 wetlands with a total area of 63 ha have been
directly affected by drainage. It is possible that the wetlands which have not been
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directly drained have also been altered hydrologically by changed patterns of flooding
and drainage following flood mitigation works. Other alterations include impound-
ment, excavation and filling for urban development. The pre-European extent and
nature of the floodplain wetlands is difficult to assess but it is likely that some of the
original wetlands have been completely destroyed due to structural flood mitigation
works. Much of the sugar cane land which now takes up virtually the whole floodplain
downstream of Murwillumbah 1s reclaimed wetland subjected to drainage by local
drainage unions and with reduced flooding frequency due to construction of levees
(Soros-Longworth and McKenzie Pty. Ltd., 1981). The extensive destruction of shallow
wetlands on the main floodplain is also suggested by their present confinement to
narrow tributary valleys of the bedrock margins. The remaining wetlands on the broad
alluvial flats are deep channels which could not be completely drained or converted to
agriculture.

TABLE 1

Original and 1985 extent of vegetation associations or complexes in coastal Tweed Shire
(Bracketed figures indicate percentage decline)

Association/Complex 1985 (ha) Original (ha)
FLOODPLAIN .

Floodplain wetlands 144

Floodplain forest 194

Floodplain total 338 11,460(97%)
ESTUARINE WETLANDS

Mangroves 371

Saltmarsh 55
DUNALAREAS

Forest complex 2298

Shrubland 10

Dry heath 56

Wet heath 46

Emergent complex 131

Estuarine and dunal total 2967 14,990 (80%)
OVERALL TOTAL 3305 26,450 (87.5%)

The floodplain wetlands of Tweed Shire are poorly represented in reserves, with
only 7 ha of wetland within Stotts Island Nature Reserve. The two within the nature
reserve are unusual in having their natural context of surrounding vegetation types, a
very rare situation in coastal New South Wales. Poor representation in reserves is typical
of other floodplain wetlands on the north coast (Pressey, 1981a, 1989a,b).

Other protection measures are available for wetlands, although of limited value in
some cases. Under State Environmental Planning Policy 14 (SEPP 14), clearing, filling,
drainage and construction of levees in wetlands delineated on planning maps are now
designated developments. They require development applications and environmental
impact statements and can only proceed after the consent of local government and the
concurrence of the Department of Planning. However, SEPP 14 is only a potential
protection measure for the wetlands on the Tweed floodplain, many of which are outside
the limits of the Policy’s mapping, with the remainder not identified under the Policy,
despite their apparent distinctiveness in a state context.

PROC. LINN. SOC. N.SW., 113 (3), 1992



R.L.PRESSEY ANDS. J. GRIFFITH 209

Estuarine Wetlands

For the purposes of this survey, estuarine wetlands were defined only as saltmarsh
and mangroves. West ¢t al. (1985) have also mapped areas of seagrass in the estuaries of
Tweed Shire and elsewhere in the state. The intertidal mudflats and sandflats of the
state’s estuaries have apparently not been included in any surveys.

Most of the mangrove area in the Shire occurs in the estuary of the Tweed River
(Table 2) with relatively small areas in Cudgen Lake and Creek, Cudgera Creck and
Mooball Creek. The Tweed estuary is the only estuary in the Shire which contains all
five species known to occur in New South Wales: Aegiceras corniculatum, Avicennia marina,
Bruguiera gymnorrhiza, Excoecaria agallocha and Rhizophora stylosa. Only one other estuary in
the state, that of the Brunswick River, is known to have all these species together (West et
al., 1984) although they each extend well southward. Mangroves in the Shire are in
places associated with Hibiscus tiliaceus which occurs at the upper limit of tidal influence.
Hunter (1982) also reported that Dendrobium monophyllum is a common epiphyte on
Bruguiera on Caddys Island in the Terranora Inlet. In addition, there is an unconfirmed
report of Ceriops tagal from Cudgera Creek (Shine et al., 1973). This species is not
otherwise known from the state and was not found during surveys by West ¢t al. (1984).

Saltmarsh is considerably more restricted in extent in Tweed Shire than mangroves
and distributed differently between estuaries (Table 2). About half the total area of
saltmarsh in the Shire occurs in each of the Tweed and Cudgen estuaries if the stands of
Schoenoplectus litoralis mapped by West et al. (1985) in Cudgen Lake are not considered as
typical saltmarsh vegetation. The extensive (about 35 ha) area of S. litoralis is significant,
however, at least in the context of Tweed Shire, and could be one of the biggest
occurrences in the state (Adam, 1991, pers. comm.).

TABLE 2
Extent of estuarine wetlands in Tiveed Shire (ha). Data from West et al. (1985)

System Mangrove Saltmarsh # Seagrass
Tweed River * 309 21 33
Cudgen Lake 9 56(31) —
Cudgera Creek 14 2 2
Mooball Creek 5 - 1
Total Area 337 79(44) 36

# bracketed figures represent areas after subtracting 35 ha of Schoenoplectus litoralis
mapped by West et al. (1985) as saltmarsh in Cudgen Lake.
* includes the Cobaki and Terranora Broadwaters.

Estimates for this study of total areas of mangrove and saltmarsh in Tweed Shire
differ from those of West et al. (1985). Our estimates of mangrove and saltmarsh extent
are 371 ha and 55 ha respectively (Table 1) as opposed to 337 ha and 44 ha respectively
(excluding Schoenoplectus litoralis in Gudgen Lake) in Table 2. The disparities are
presumably due to differences in interpretation of aerial photographs, production of
final maps and estimation of areas.

The saltmarsh vegetation seen during field work was divided into three com-
munities on the basis of dominant species and structure, all on interbedded estuarine
sediments:

S1. Sporobolus virginicus — Sarcocornia quinqueflora dwarf to mid-high closed tussock
grassland/chenopod shrubland. Inundated by spring high tides; grades sharply, or
occasionally diffusely, into mangrove vegetation downslope; grades diffusely into
S2 or S3 upslope where seldom inundated by high tides.
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S2. Juncus kraussii tall to very tall closed rushland. Grades sharply or diffusely into S1
downslope with more inundation from spring high tides; grades sharply or
diffusely into S3 or Casuarina glauca (with or without Melaleuca quinquenervia) swamp
forest higher above the level of tidal influence.

S3.  Baumea juncea tall to very tall closed sedgeland. Grades sharply or diffusely into S1
or S2 where occasionally subject to tidal inundation; often grades diffusely into
swamp forest further upslope.

The communities recognized here are very similar to those derived from more
detailed studies of estuarine wetlands in Tweed Shire. After a survey of a small wetland
on the Fingal Peninsula, Murray (1987a) was able to map two mangrove units, Avicennia
and Excoecaria, although his saltmarsh associations were virtually identical. In the
Cobaki area, Murray (1987b) recognized an Avicennia unit, a Casuarina — Excoecaria unit
and a saltmarsh association equivalent to S1. The units defined in the present study
translate readily into the communities described by Adam et al. (1988) and are similar or
equivalent to those recognized in south-eastern Queensland. S1 was described from
Moreton Island (Durrington, 1977) and a Sporobolus virginicus saltmarsh was listed by
McDonald and Elsol (1984). S2 is known from Moreton Island (Durrington, 1977) and
from the Sunshine Coast (Batianoff and Elsol, 1989) and was listed by McDonald and
Elsol (1984). S3 also occurs in south-eastern Queensland (McDonald, 1991, pers.
comm.).

Twenty-two species were recorded in these three communities (Appendix 1). Most
of these are native, non-woody plants typical of saltmarshes elsewhere. Avicennia marina,
Melaleuca quinquenervia and Bruguiera gymnorrhiza were recorded as scattered emergents.
Two species, Aster subulatus and Baccharis halimifolia, are introduced.

The only estuarine reserve in Tweed Shire, Ukerebagh Nature Reserve, contains
15% of the Shire’s mangroves and 33% of its saltmarsh. Elsewhere on the far north
coast, limited areas of saltmarsh occur in Broadwater, Bundjalung and Yuraygir
National Parks (Griffith, 1983,1984, 1985). In a state context, the Sporobolus virginicus —
Sarcocornia quinqueflora and Juncus kraussii communities are inadequately represented in
reserves (Benson, 1989) and the reservation of Baumea juncea sedgeland is fair. All three
saltmarsh communities are covered by SEPP 14.

The estuarine wetlands of the Shire have been subject to a variety of disturbances.
Structural flood mitigation works in the Tweed Valley have included floodgates on tidal
creeks (Soros-Longworth and McKenzie Pty Ltd., 1981) which can seriously affect
estuarine wetlands (Pressey and Middleton, 1982; Middleton et al., 1985). Clearing and
filling for canal estates and other developments are often directly adjacent to mangroves
and have in some places extended into estuarine wetlands. Some reductions in the extent
of mangroves since the 1981 aerial photography were evident in several areas during
field work in 1985. The mangrove islands in the Tweed estuary and some other
mangroves fringing the mainland remain relatively undisturbed, although there have
been proposals for potentially damaging developments in these areas. Mapping of
estuarine wetlands in the Tweed estuary over the period 1947 to 1986 shows a reduction
of 20 ha (6%) in the extent of mangroves, a more substantial proportional reduction of
saltmarsh from 70 to 21 ha (70%) and a reduction in the extent of seagrass of 72%
(Walford, 1991, pers. comm.).

Grazing has affected some saltmarsh areas. One of the introduced plants, Baccharis
halimifolia, which was recorded at one site is a potential invader of other areas. Another
potential impact on estuarine wetlands comes from the control of biting midges which
breed in intertidal areas. Watson and Watson (1984) believed that control measures were
necessary in the Tweed area and that larviciding was probably the best approach. These
views are still held strongly by scientists and urban planners (e.g. Allaway and Reye,
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1990; Kettle, 1990). The effects of larvicide on non-target organisms are poorly
understood, although limited experiments suggest they could be significant (West, 1990)
and the impacts are not necessarily restricted to intertidal organisms. Species of rare
and threatened butterflies inhabiting mangroves could be affected as well (Sands, 1991
pers. comm.). Control of insects in Queensland saltmarshes is also attempted by
runnelling (construction of shallow drainage channels); however, the effects of this on
other organisms are not well known (Adam, 1991, pers. comm.).

Floodplain Forest and Vegetation of Dunal Areas

This broad category of vegetation refers to low-lying coastal vegetation in four
main physiographic positions, although there is considerable overlap of plant com-
munities between these:

— the dune formations along the coastal strip and inland to the north and west of the
Cobaki Broadwater;

— the small coastal floodplains associated with dune formations south of Kingscliff,
occurring between bedrock spurs and derived from both marine and fluvial material
(Roy, 1975);

— the alluvial and marine deposits surrounding mangroves and saltmarsh of the lower
Tweed River such as those around Banora Point and Tweed Heads South;

— remnant areas of floodplain forest without wetland understorey near the floodplain
wetlands.

Sixteen plant communities occurring in these areas were identified. The ten forest
communities and the three emergent wetland communities were mapped as forest and
emergent complexes, respectively. In the following descriptions, information on geology
and geomorphology has been taken from Roy (1982).

F1.  Littoral rainforest (low to tall simple notophyll-microphyll forest). Floristic
composition variable but falls within the Cupaniopsis anacardioides and Syzygium
luehmannii — Acmena hemilampra suballiances of Floyd (1990). Occupies sheltered
aspects of Holocene outer barrier dunes where the soils are siliceous sands.
Grades into Banksia integrifolia var. integrifolia forest where exposure to prevailing
winds increases; often grades into Melaleuca quinquenervia (with or without
Archontophoenix cunninghamiana) swamp forest downslope as soils become water-
logged. Both suballiances extend into south-eastern Queensland (Floyd,
McDonald, 1991, pers. comm.). Conservation: the C. anacardioides suballiance is
very well reserved over its range but the S. luchmannii — A. hemilampra suballiance
is inadequately reserved over the southern part of its range in the Bellinger,
Nambucca and Macleay Valleys (Floyd, 1990); extensive areas of both sub-
alliances have been destroyed by mineral sand mining; in Tweed Shire, a limited
area of each suballiance occurs in Ukerebagh Nature Reserve; remaining areas
outside reserves are protected by State Environmental Planning Policy 26 which
defines types of developments affecting designated areas of littoral rainforest and
surrounding buffer zones for which the consent of local councils and the con-
currence of the Director (private proponents) or Minister (Crown proponents)
for Planning is required; despite this protection, many areas of the Cupaniopsts
suballiance are excessively disturbed (Adam, 1991, pers. comm.).

F2. Lophostemon confertus tall to very tall closed forest (grading into mallee forest where
multi-stemmed duc to past fire), usually with an understorey of subtropical
rainforest shrubs and small trees. Occurs on Pleistocene barrier sands of marine-
aeolian origin but also extends onto sheltered bedrock slopes. Grades diffusely
into Melaleuca quinquenervia or Casuarina glauca swamp forest downslope as soil
waterlogging increases. Reported for sand soils in south-eastern Queensland by
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Durrington (1977) and McDonald and Elsol (1984). Conservation: inadequately
conserved on bedrock soils (Benson, 1989) and those derived from sand; limited
areas occur on sand soils in Bundjalung and Broadwater National Parks (Griffith,
1983, 1985).

Eucalyptus pilularis very tall open forest. Occurs on freely draining Pleistocene
barrier sands of marine-aeolian origin. Grades into Melaleuca quinquenervia swamp
forest downslope where soil waterlogging occurs. Reported in south-eastern
Queensland by Durrington (1977) and McDonald and Elsol (1984). Conserva-
tion: a widespread community on the north coast in which the species Eucalyptus
gummifera, E. planchoniana and Angophora costata can be present as associates of E.
pilularis; well represented in reserves including Bundjalung, Yuraygir, Crowdy
Head and Myall Lakes National Parks (Griffith, 1983; 1984, Myerscough and
Carolin, 1986).

Callitris columellaris tall open to closed forest. Occurs on Pleistocene barrier sands
of marine-aeolian origin. Grades into Melaleuca quinquenervia swamp forest down-
slope as soil waterlogging increases; Eucalyptus signata is an associate in places.
Reported for south-eastern Queensland by Batianoff and Elsol (1989) and
Durrington (1977). Conservation: very limited areas are reserved over its range
on the New South Wales north coast in Broadwater, Bundjalung and Yuraygir
National Parks (Griffith, 1983, 1984, 1985); Benson (1989) considers the associa-
tion to be vulnerable in a state context.

Eucalyptus tereticornis-E. intermedia-Lophostemon suaveolens tall to very tall open forest.
Typically occurs on Pleistocene backbarrier deposits of estuarine origin. Grades
into Melaleuca quinquenervia (with or without Casuarina glauca) swamp forest down-
slope as soil waterlogging increases. Reported from south-eastern Queensland by
Batianoff and Elsol (1989) while McDonald and Elsol (1984) describe similar,
related communities. Conservation: apart from some 200 ha in Yuraygir
National Park (Griffith, 1984), only small areas are in reserves on the north coast
of the state; examples are occurrences in Ukerebagh Nature Reserve, within
Tweed Shire, and in Limeburners Creek Nature Reserve in the Hastings Valley.
Eucalyptus signata mid-high to tall open forest and woodland (grading into open
mallee forest and woodland on less favourable sites). On poorly drained Pleisto-
cene barrier sands of marine-aeolian origin. Grades into Eucalyptus robusta forest
or wet heath downslope as soil waterlogging increases. Reported for south-eastern
Queensland by Durrington (1977) and McDonald and Elsol (1984). Conserva-
tion: overall, adequately reserved in north-eastern New South Wales (Benson,
1989) but, north of the Clarence River, represented on Pleistocene sands only as
tiny patches (<2 ha) in Broadwater and Bundjalung National Parks (Griffith,
1983, 1985).

Eucalyptus robusta mid-high to very tall open forest (grading into mallee forest and
woodland on less favourable sites). Occurs in low-lying, open depressions on
Pleistocene backbarrier deposits of estuarine origin. Grades diffusely into
Melaleuca quinquenervia swamp forest and borders wet heath at some locations.
Reported for south-eastern Queensland by Durrington (1977) and McDonald
and Elsol (1984). Conservation: considered by Benson (1989) to be adequately
reserved state-wide; however, only limited areas are reserved on the far north
coast in, for example, Broadwater and Bundjalung National Parks (Griffith,
1983, 1985); E. robusta is very poorly reserved in the southern part of its range
(Adam, 1991, pers. comm.).

Melaleuca quinquenervia tall to very tall open to closed forest (grading into woodland
on less favourable sites). Occurs in low-lying open depressions, commonly on
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Pleistocene backbarrier deposits of estuarine origin. Grades diffusely into
Eucalyptus robusta and Casuarina glauca swamp forests; commonly borders areas of
sedgeland or open water. Reported for south-eastern Queensland by Batianoff
and Elsol (1989), Durrington (1977) and McDonald and Elsol (1984). Conserva-
tion: adequately reserved state-wide (Benson, 1989) but only as a small pro-
portion of its original extent which has been largely cleared; poorly reserved in
Tweed Shire with only very small areas in Stotts Island and Ukerabagh Nature
Reserves; extensive in other north coast reserves including Bundjalung, Yuraygir,
Crowdy Bay and Myall Lakes National Parks (Griffith, 1983, 1984; Myerscough
and Carolin, 1986); most unreserved stands are protected under SEPP 14.
Archontophoenix  cunninghamiana-Melaleuca quinquenervia very tall feather palm
swamp forest. Occurs in areas of impeded drainage at the base of bedrock spurs
on colluvial material. Grades into Melaleuca quinquenervia swamp forest on sandier
soils; formerly graded into moist eucalypt forest and subtropical rainforest
upslope on bedrock soils before clearing of these areas. Conservation: the
community falls within Floyd’s (1990) Archontophoenix-Livistona subtropical rain-
forest suballiance which extends into southern Queensland (Floyd, 1991, pers.
comm.) and in which M. quinquenervia is a common associate; Floyd (1990) rates
the statewide conservation status of this suballiance as good and records that the
largest single remaining stand in the state (77 ha) is in Stotts Island Nature
Reserve in Tweed Shire.

Casuarina glauca tall to very tall open to closed forest. Occurs on Holocene inter-
tidal sediments where soils are saline or sub-saline. Grades into saltmarsh
communities downslope towards high tide level and into Melaleuca quinquenervia
and Eucalyptus robusta swamp forests under less saline conditions. Reported for
south-eastern Queensland by Batianoff and Elsol (1989) and McDonald and Elsol
(1984). Conservation: inadequately reserved state-wide (Benson, 1989); only
minor areas reserved in Tweed Shire in Ukerebagh and Stotts Island Nature
Reserves; limited areas reserved elsewhere on the north coast, for example in
Bundjalung, Yuraygir and Crowdy Bay National Parks (Griffith, 1983, 1984);
many unreserved stands are protected under SEPP 14.

Banksia aemula very tall (dry) shrubland to open shrubland. Occurs on Pleistocene
barrier sands of marine-aeolian origin, typically on well-drained sand podzol
soils. Reduced in stature to a heathland formation (community HI1) on aspects
exposed to prevailing onshore winds; grades into wet heathland (community H2)
where soils become waterlogged. Reported for south-eastern Queensland by
Batianoff and Elsol (1989), Durrington (1977) and McDonald and Elsol (1984).
Conservation: unreserved in Tweed Shire but well reserved elsewhere on the
north coast in, for example, Broadwater, Bundjalung, Yuraygir and Crowdy Bay
National Parks (Griffith, 1983, 1984, 1985).

Banksia aemula mid-high to tall closed (dry) heathland. Occurs on sand podzol
soils derived from Pleistocene barrier sands of marine-aeolian origin. Increases in
height to form a shrubland formation (community Sh) where less exposed to
prevailing onshore winds; grades into wet heathland (community H2) downslope
as soil waterlogging increases. Reported for south-eastern Queensland by
Batianoff and Elsol (1989), Durrington (1977) and McDonald and Elsol (1984).
Conservation: as for B. aemula shrubland.

Banksia oblongifolia-Leptospermum liversidgei-Lepyrodia interrupta-Sprengelia sprengel-
toides-Xanthorrhoea fulva mid-high to tall closed (wet) heathland. Occurs in low-
lying open depressions on humus podzol soils derived from Pleistocene barrier
sands of marine-aeolian origin. A floristically variable community in which the
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species by which it is named are characteristic but not always present together.
Grades into Banksia aemula heathland or Eucalyptus signata forest/mallee forest
upslope as soil drainage improves; also grades into Eucalyptus robusta swamp
forest; replaced by sedgeland where soil waterlogging increases. Equivalent,
equally variable communities have been recognized for south-eastern Queens-
land by Batianoff and Elsol (1989) and Durrington (1977). Conservation: as for B.
aemula shrubland and heathland.

El.  Baumea rubiginosa tall closed sedgeland. Occurs in low-lying open depressions on
acid peat soils derived from Pleistocene backbarrier deposits of estuarine origin.
Grades into Melaleuca quinquenervia swamp forest upslope as drainage improves;
also grades into Triglochin procera forbland. Conservation: unreserved in Tweed
Shire but well reserved elsewhere on the north coast in, for example, Bundjalung,
Yuraygir and Crowdy Bay National Parks (Griffith 1983, 1984); many near-
coastal occurrences would be protected under SEPP 14 although some could
occur inland of the limit of SEPP 14 mapping (Adam, 1991, pers. comm.).

E2.  Eleocharis equisetina tall closed sedgeland. Occurs in open depressions on Holocene
tidal delta sand of estuarine origin. Adjacent land has been converted to pasture
but formerly probably dominated by Casuarina glauca swamp forest. Conserva-
tion: only known to be reserved in Hat Head National Park (Pressey, 1989b); very
extensive on the floodplains of the north coast (Pressey, 1989a,b) and, although
not well conserved there, unlikely to be further affected by flood mitigation or
other developments.
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